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SUPPORTED CATALYST COMPRISING EXPANDED ANIONS 

The present invention relates to catalyst compositions that are particularly 
adapted for use in the polymerization of olefins and other addition polymerizable 
monomers under slurry, high pressure or gas piiase polymerization conditions. More 
5 particularly, the present invention relates to catalyst compositions comprising a 

support material, a metal complex catalyst, and an activator compound comprising an 
anion containing at least two Lewis t>asic sites that are coordinated to Lewis acids. 

It is previously l^own in the art to activate Ziegler-Natta polymerization 
catalysts, particulariy such catalysts comprising Group 3-10 metal complexes 
1 0 containing delocalized Tc-bonded ligand groups, by the use of Bronsted acid salts 
capat>le of transferring a proton to form a cationlc derivative or other catalytically 
active derivative of such Group 3-1 0 metal complex. Pretend Bronsted acid salts 
are sudh compounds containing a cation/ anion pair that is capable of renderir^ the 
Group 3-1 0 metal complex catalytically active. Suitable activators comprise 
1 5 fluorinated aiylborate anions, such as tetrakis(pentafluorophenyl)borate. Additional 
suitable anions include sterically shielded diboron anions of the formula: 

X' 

/BA/3- 

CS2 

wherein: 

S is hydrogen, alkyi, fluoroalkyl, aryl, or fluoroaryi, Ar^ is fluoroaryl, and is 
20 either hydrogen or hallde, disclosed in US-A-5.447,895. Additional examples include 
carborane compounds such as are disclosed and claimed in US-A-5,407.884. 

Examples of pr^erred charge separated (cation/ anion pair) activators are 
ammonium, sulfonium, or phosphonium salts capable of transfening a hydrogen ion. 
disclosed in USP's 5.198.401 . 5.132,380. 5,470.927 and 5;i53.157, as well as 
25 oxidizing salts such as ferrocenlum, silver or lead salts, disclosed In USP's 5.1 89,1 92 
and 5.321 ,106 and strongly Lewis acidic salts such as carbonium or silylium salts, 
disclosed in USP's 5.350,723 and 5.625.087. 

Further suitable activators for the above metal complexes include strong Lewis 
acids including tris(perfluorophenyl)borane and tris(perfluorobiphenyl)borane. The 
30 fonner composition has been previously disclosed for the above stated end use in 
EP-A-520.732. whereas the latter composition is similariy disclosed by Marias, et al., 
in J. Am. Chem. Soc .. 11 8, 1 2451 -1 2452 (1 996). Catalyst activator compounds 
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comprising an anion containing at least two Lewis basic sites which are coordinated 
to Lewis acids and their use In the potymerizalion of unsaturated compounds by 
means of any suitable process including a slurry or gas phase polymerization are 
disclosed in U. S. provisional application 60/75329. and In USSN 09/251664, filed 
5 February 17. 1999. 

Acoorcfing to the present invention there are rK>w provided supported catalyst 
compositions for use in an addition polymerization comprising: 

A) an inert support; 

B) a Group 3-10 or Lanthanide metal complex; and 

10 C) an activator compound capable of causing the metal complex B) to form 

an active polymerization catalyst, said compound corresponding to the formula: 

(A*+a)b(rj*j)<d.{l) 
wherein: 

A* is a cation of charge +a, 
15 is an anion group of from 1 to 50, preferably 1 to 30 atoms, not counting 

hydrogen atoms, further containing two or more Lewis base sites; 

J* independently each occun^nce is a Lewis add coordinated to at least one 
Lewis base site of Z*. and optionally two or more such J* groups may be joined 
together in a moiety having multiple Lewis acicfic functionality. 
20 j is a number fn^m 2 to 1 2 and . 

a. b, c andd are integers from 1 to 3. with the proviso that a x b is equal to c x 

d. 

Additionally according to the present invention there is provided a process for 
polymerization of one or more addition polymerizable rnonomers. espectaily 
25 ethylenically unsaturated nKmomers, most preferably. 62.20000 a-olefins, comprising 
contacting the same, optionally in the presence of an inert aliphatic, allcydlc or 
aromatic hydrocarbon, with the above catalyst composition under continuous or semi- 
continuous solution, high pressure, slurry, bulk or gas phase polymerization 
concfitions. 

30 The foregoing supported catalyst compositions are uniquely adapted for use 

under slurry polymerization conditions and uniquely produce polymers of high bulk 
density with low reactor fouling. In addition, the foregoing compositions and 
processes are highly desirable for use in the gas phase polymerization of olefins, 
particulariy ethylene or propylene and combinations of ethylene with a Cm o-defin. 
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All references herein to elements belonging to a certain Group refer to the 
Periodic Table of the Elements published and copyrighted by CRC Press. Inc.. 1995. 
Also any reference to the Group or Groups shall be to the Group or Groups as 
reflected in this Periodic Table of the Qements using the lUPAC system for 
5 numbering groups. 

The activator compound of fbnnula (I), component C), is further characterized 
in the following manner. A*^ is desirably chosen to provide overall neutrality to the 
compound and to not interfere with subsequent catalytic activity. Moreover, the cation 
may participate In the formation of the active catalyst species, desirably through a 
10 proton transfer, oxidation, or ligand abstraction mechanism, or a combination thereof. 

Examples of suitable cations include ammonium, sulfonium, phosphonium, 
oxonium. carbonlum. and sllylium cations, preferably those containing up to 80 atoms 

not courting hydrogen, as well as fem)ceniuni, Ag+ Pb+?. or 
cations. In a prefenod embodiment, a. b, c and d are all equal to one. 

15 Z* can be any anionic moiety containing two or more Lewis basic sites. 

Preferably, the Lewis base sites are on different atoms of a polyatomic anionic 
moiety. Desirably, such Lewis basic sites are relatively sterically accessible to the 
Lewis acid, J*. Preferably the Lewis basic sites are on nitrogen or carbon atoms. 
Examples of suitable T anions include cyanide, azide, amide and substituted amide, 

20 amidlnlde and substituted amidinide, dicyanamide, imidazolide, substKuted 

imidazolide, imidazolinide, substituted imidazoiinlde, benzimidazolide. substituted 
benzlrhidazolide, tricyanometiiide, tetracyoanoborate. puride, squarate. 1 ,2,3- 
triazoUde. substituted 1.2.3-triazollde, t.2,4-tria20lide. substituted 1,2,4-triazolide. 4,5- 
benzl-1^,3-tria20llde. substituted 4.5-benz!-1 AS-triazollde. pyrimldlnlde. substituted 

25 pyrimldlnlde, tetralmldazoylborate and substituted tetralmldazoylborate anions, 
wherein each substituent, If present, is a halo, hydrocartiyl, halohydrDcarbyl, silyl, 
(including mono-, di- and tri{hydrocart}yl)silyl). sHythydrocarbyl. or halocarbyl group of 
up to 20 atoms not countlrig hydrogen, or two such substituents together form a 
saturated or unsaturated ring system. 

30 Specific examples of T groups include: imidazolide. 2-nonadecylimidazolide. 

2-undecyiimldazolide, 2-tridecylimidazolide. 2-pentadecylimldazolide. 2- 
heptadecylimidazolide, 2-nonade(^*midazolide. 4,5-difluoroimidazolide. 4.5- 
dichloroimidazolide, 4.5-dibromotmfdazoIide. 4,5-bis(heptadecyI)lmidazolide. 4,5- 
bis(undecyl)imtda2olide, imidazolinide, 2-nonadecyiimidazolinide. 2- 

35 undecylimldazolinlde, 2-tridecylimldazolinlde. 2-pentadecylimidazolinide. 2- 
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10 



15 



20 



25 



heptadecytimidazolinide. 2'nonadecytimidazolinide. 4,5-dmuoroimtdazoIinide. 4^ 
dichloroimidazoltnide. 4.5-dibromoimidazolinide, 4^{s(heptadecyl)imidazolinide, 
4.5-bis(undecyl)imidazolinide. didecylamide. piperkiinide. 4.4-dtmethylimidazolinide, 
tetra-5-pyrimidinyIborale, pyrimidinide, 2-undecyIben2imidazolide, 5.6- 
dichlorobenzimidazolide, 4,5-dicyanoimidazortde, and 5.6<llmethylbenzlmidazoiide 
anions. 

Preferred groups for the formation of the supported catalysts of the present 
invention are imidazoiide, 2Hjndecytlmidazoade, 1,2.3-trlazolide, sut)Stituted 1.2,3- 
triazolide, 1 A4-triazolide, substituted 1,2.4-triazoOde, 4^en2i-1,2,3-tria2olide, and 
sut)st}tuted 4,5-benzi-1^.3-triazo(ide. where the substituents are halo, silyl or Ct^ 
hydrocarfoyi. especially allcyi or phenyl. A particulaily preferred Z* group is the 
1 .2.4*triazoIide group. 

Coordinated to the Lewis base sites of the anion are from 2 to 12 Lewis adds. 
J*, two or more of which may be joined together in a moiety having multiple Lewis 
addtcfunctionarity. Preferably, from 2 to 4 J* groups having from 3 to 100 atoms not 
counting hydrogen are present 

More spedfic examples of the foregoing Lewis add compounds, J*, 
correspond to the formula: 



(R^)2-MVAr" 



(Rl)3M*, 



iAf^i 



or 



WAr" 



fi^P M*— W^i 



30 



wherein: 

M* Is aluminum, gallium or boron; 

R** and r2 independently each occurrence are hydride, hallde, or a 
hydrocarbyl. halocarbyl, halohydrocarbyi. dialkylamido. alkoxide, or aryloxide group of 

up to 20 carbons, with the proviso that in not more than one occun-ence is or 
haltde. and 

Ar^1-Ar^ in comtM'nation, independently each oocurrence, Is a divalent fiuoro- 
substituted aromatic group of from 6 to 20 cart)ons. 

Highly prefen-ed Lewis adds are aluminum or boron compounds 
con-esponding to the formula: wherein R^ independently each occun'ence is 
selected from hydrocarbyl, halocarbyl. and halohydrocarbyi radicals,.said R^ having 
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up to 20 cartoons. In a more highly prefenred emtxxJiment, R' is a fluorinated aiyl 
group, especially, pentafluonophenyl, and M* is Al. 

Examples of the foregoing L^'s add groups containing multiple Lewis add 
sites are: 



F 




5 




Suitable activator compounds according to the present invention indude the 
ammonium, phosphonium. sulfonium, oxonium, carbonium, sOylium, lead (II), silver or 
fenoc»niumsaite 

bis(tris(pentafiuorDphenyl)alumane)azlde, bis(tris(pentafluorophenyl)- 

10 alumane)dicyanamlde, bis(tri8(pentafluorophenyQalumane}lmidazolide, bis(tfis(penta- 
fluofophenyl)alumane)-2sjndeQyUmidazdide.bis{trisO?enta^ 
dichloroimidazolide. bis(tris(penta-fluofophenyOalumane)-2-undecyl-4,5- 
dichlorolmldazolide, bis(tris(pentafluorophenyl)alumane)4,&4iiphenyiimidazolide, 
bis(tris(penta-fluorophenyl)alumane)-2-undecyl-4,5-diphenylirnida2olide, 

15 bis(tris(pentafluorophehyl)alumane)imidazolinide, 

bis(tris(pentafluorophenyl)aiumane)-2HJndecylimida2oIinide. bis(tris- 
(pentafluorophenyl)alumane)-5.6-dimethylbenzlmldazolide, 
bls(tris(pentafluorophenyl)alumane)-4.5-bis(heptadecyl)imidazollde, 
tris(tris(pentafluorophenyOalumanetrlcyanomethide, 

20 tris(tris(pentafluorophenyl)alumane)puride. tetrakis(tr!s(pentafluoro- 
phenyl)aIumane)tetralmldazoylborate, bls{trls(heptafluoro-2- 
naphthyOaIumane)cyanlde.bls(tris(heptafIuoro-2-naphthyl)alumarie)a2ide, 
bls(tris(hepta-fluoro-2-naphthyl)alumane)dicyanamide. bis{tris(heptafluoro-2- 
naphthyl)alumane)imida20lide, bls(tris{heptafluoro-2-naphthyl)alumane)-2- 

25 undecylimldazdide. bis(tris(pentafiuorophenyl)alumane)ben2imldazolide, 

bis(tris{penta-fluorophenyl)alumane)-2-undecylbenzimida2oIide, bis(tris-(heptafluoro- 
2-naphthyl)aIumane)-5,6-dimethylbenzimida2olide. bis(tris(heptafluoro-2- 
naphthyl)alumane)-4,5-bis(heptadecyl)imldazollde,trfs(trisheptafluoro-2-naphthyl)- 
alumanetricyanomethide. tris(tris(heptafluoro-2-naphthyl)alumane)purlde. 

30 tetrakis(tris(heptafluoro-2-naphthyl)alumane)tetraimldazoylborate. 



WO01/Z3442 



PCr/USOO/21482 



bis(tris(pemafluorophenyl)alumane)-1 .2^-triazo(ide. 
bis(tris(pentafluoropheny1)alumane)-1 .2,4*triazolid6, 
bis(tris(pentafluorophenyi)alumaneH>5<liphenyi-1,2^triazoUi^ 
bls(tris(pentafluonophenyl)alumane)-1,2,3-benzatriazoijde. 
5 bis(tris(pentafluorDpheny1)alumane)-5-methyl-1^,44nazoli^^ 
bis(tris(pentafluorophenyl)aluniane)'5'Undecyl-1^,4-triazoride, 

bis(ti1s(pentafUjoropheny1)borane)cyanide. bis(tris(pentafIuorophenyl)borane)azide. 

bls(tr1s(pentalluonopheny1)borane)dicyanamide. 
10 bb(tris(pentafluonophenyl)borane)imidazolide, te(tris(pentft-fluorophenyl)borane)-2- 

undecyliinktezollde, bis(tris(pemalluorophenyl)boraneH,5<lichloroimlda^ 

bis(tris(penUbfluorophenyOborane)-2-^ecyM.5<fi^ 

bis(tris(pef!tafluorophenyl)boraneH.5-(fiphenyli^^ bis(tris(pema- 

!iiiorophenyl)borane)-2HjndecyM,5<ltphenyliri^^ 
1 5 bis(ti1s(pemanuorophenyl)boiane)imklazoUriicte bis(l]1s(peritaiUjorophenyl)borane)-2- 

undeGyfimidazolinide. bis(tri8(pemanuorophenyl)borane)-5,6-dtmett^^ 

bis(tris(pentafiiiorophenyl)boraneH.5-bte 

tri8(tris(pentafluorophenyl)borane tricyanomettiide. 

tri8(tri8(pentalluorophenyl)borane]puride. t0trakis(tris(pentafluor6- 
20 phenyOboraneytetraimidazoylborate, bisttris(heptafluoro-2HiaphttiyOborane)cyanide. 

bts(tris(heptalUjora-2-naphthyl)borane)azide, bis(tris(hepta-fluoro-2- 

naphthyi)borane]dicyana^Ide,* bis(tris(heptafIuoro-2-^iaf^ith)^ 

bis(tris(heptafluoro-2-raphthyl)borane)-2-undec^ 

bis(tris(pentafluorophenyl)borane)benzimidaz^^ 
25 ltuorophenyl)borBneV2>undecyft)enzIrTtidazoIide, bis(trii5-(heptafluora-2- 

naphthyOborane}-5.6-dimethylbenzimidazonde, bis(tHs(heptafluoro-2- 

naphthyl)boraneH,5-bls(heptadecyt)lmidazolide, tris(trisheptafluoro-2- 

naphthyl)borane trfcyanomelhide. tris(trls(hei^fIuor(>-2-naphthyl)borane)puride. 

tetralds(tris(heptafluoro-2-napmhy1)borane)tetraimidazoyIborate, 
30 bis(tris{pentafluofophenyl)borane)-1 .2.3-benzatria2oride, 

bis(tris(pentanuorophenyl)borane)-1 ,2.4-ma2o!ide, bis(tris(pentafl 

4,5-diphenyl-1 ,2,3-tria2o!ide, bls(tns(pentafluorophenyi)borane)-5-fnethy1-1 .2,4- 

triazolide, and bis(tris(penlafluorophenyl)borane)-5-undecyl-1.2,4-tria2olide- 

Preferred activator compounds are the foregoing ammonium salts, especially 
35 those which comprise trihydrocarbyl- substituted ammonium cations, especially 

trimethylammonium-, triethylammonium-, tripropyiammonium-, tri(n-butyl)ammonium-, 
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methyldi(octadecyl)animonium-. methyldi(tetradecyl)ammonluin-. 
methyl(telradecyl)(octadecyl)amnionlum-. N.NKBmelhylanillnium.. N.N- 
di(elhyl)anilinium.. N.hWi(methyl)2.4.6-lriniethylanllWuin., N.rMi(octadecyl)anilinium- 
. N.N^i(tetradecyl)anilinium-. N.fWi(ocfadecyl)-2.4.64rl{methyOanilinium-. and 
) methyldi(cydohexyl)ammonium- cations or mixtures thereof. 

Most preferred ammonium cation containing salts are those containing 
trihydrocarbyl- substituted ammonium cations containing one or two C„rC« all<yl 
groups, especially methyldi(octadecyOammonium-. di(ocladecyl)anilinium-. 
di(octadecyl)-2.4.6-tri(methyl)anilinium.. and methy)di(te1radecyl)ammonlu^ cations. 
H is further underetood that the cation may comprise a mixture of hydrocaibyl groups 
of dBlerfng lengths. For example, the protonated ammonium cation derived from the 
commercially available long chain amine comprising a mixture of two c„. C,, or C« 
allqrl groups aiKl one inettiyl group. 

under the trade name Kemamlne~ T9701. and from AleotJobel under the trade 
15 nameAnneen'n*M2HT. 



10 



20 



. . J imidazolide. 

substituted Imidazolide. imidazolinide. substituted imidazoHnide. benzimidazolide 
substituted benzimldazolide. triazolide. substituted triazoHde. benzairiazoSde. or ' 
substituted benzatriazoride anions) may be depicted schematicaiiy as follows: 

A** J*'- N^N- J A* j" I^N- J-1 A'^p— N- J- 



wherein: 



A*+ is a monovalent cation as previously defined, and preferably is a 
trihydrocarbyl ammonium cation, containing one or two C,o^ alkyl groups, especially 
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the m6thylb(S(tetradecyl)ammonium- or in6thyibls(octadecyl)ammonlum- cation, or a 
mixture thereof, 

R*. independently each occun^ce, is hydrogen or a halo, hydrocart)yl, 
haiocartyl. halohydrocarbyl. silylhydrocarbyl, or silyl group, (including mono-, dh and 
5 tri(hydrocarbyl)silyl) groups of up to 30 atoms not counting hydrogen, preferably a Ci. 
ao alKyl group, and 

J*' is tris(pentafiuorophenyf)borane ortris(pentanuorophenyl)aiumane). 
Examples of the most highly preferred catalyst activators herein include the 
forgoing tri(Ci.aohydrDcartyl)ammonium*, especially, methyU3is(tetradecyl)ammonium- 
10 or methylbis(octadecyi)ammonium- salts (or mixtures thereof) of: 

bis(tiis(pentafluorQphenyl)borane)imidazoilde. 

bis(trfs(pentafiuorophenyl)tx>rane)-2-undecy!Imldazolide, 

bis(tris(pemafiuorophenyl)bofane)benzimldazollde, 
1 5 bis(trls(pentafluorophenyl)borane)-2-undecyIbenzim{dazofide. 

bis(trte(pentafluorophenyI)boFane)iniidazolinide, 

bis(tris(pentafluorophenyl)borane)2Hjndecyiimidazolinide. 

bis(trfs(pentafluorophenyf )borane)-1 ,2,3-trtazolide, 

bis(tris(peritafluorophenyt)l3orane)-1 A4-triazolide, 
20 bis(tris(pentafluorophenyl)tx)rane)-3-(undecyl)-1 2,4-triazolide. 

bis(tris(pentafluorophenyl)alomahe)imidazolide, 

bis(tns(pentafiuorophenyl)aIumane)-2-undecylimidazolide. 

bis(tris(pentafluoropheny1)alumane)benzlmidazolide, 
25 bis(tris(pentafluonophenyl)alumane)-2-undeGylbenzimidazolide. 

bis(tris(pentafluorophenyl)alumane)imidazorinide. 

bis(tris(pentafluorophenyl)aiumane)2HindecylimidazoIinide. 

bis(tris(pentafluorophenyl)a]umane)-1 ,2.3-triazonde, 

bis(tris(pentafluorophenyOalumane)-1,2,4-tnazolide, and 
30 bis(tris(pentafIuorophenyl)aIumane)-3^undecyl)-1 ^,4-triazolide. 

The activator compounds may be prepared by a condensation reaction 

between the alkali metal salt of the anion, 2*. and a l-ewis add, J*. preferably under 

phase transfer conditions, using for example a crown ether to solubilize the alkali 

metal salt followed t^y a metathesis reaction with the corresponding halide salt of the 
35 cation. A*^^ Certain of the activator compounds are also amenable to preparation via 

a one step, single reactor process. For example, the ammonium or phosphohium 
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Imidiazolide. or substituted InUdiazoHde salts cante 
add. J*. or its Lewis base adduct. such as an etheiale. with the neutral 
corresponding to the anion. 2*. Both reactants are desirably relatively lipophilic such 
that the reaction can be perfomied in nofrpolar solvents. AdditianofthefrBebslse 
corresponding to the cation. A« results in fonnaiion of the charge separated 
species, which may be recovered from the reaction mixture by devolatiiization or used 
without recovery or further purification. 

Suitable metal complexes tor use as component B) in the present invention 
include any compound or complex of a metal of Groups 3-10 or the Lanthanide series 
of the Periodic Table of the Elements capable of being activated to polymerize 
ethylenically unsaturated compounds by the present activators. Examples include 
Group 10 dHmine derivatives oorresponding to the fcinnuia: 



N 



wherein 

5 M** is Ni(ll) or Pd(ll): 

K is halo, hydracaibyl, or hydrocarbytoxy; 

and the two nitrogen atoms are linked by a bridging system. 

Such complexe^have been previously disclosed In J. Am. Chem. Snr 1 1 8, 
267-268 (1996). j, Qhffm. 117, 6414-6415 (1995). and Oibanomerallirs 
16.1514-1616.(1997). ' 

Additional catalysts Include derivatives of Group 3. 4. or Lanthanide metals 
which are In the +2. +3. or +4 fomial oxidation state. Preferred compounds include 
metal complexes containing from 1 to 3 x-bonded anionic or neutral ligand groups, 
which may be cyclic or non-cyclic debcalized it-bonded anionic ligand groups. 
Exemplary of such ic-bonded anionic ligand groups are conjugated or noncor^jugated. 
Qwfic or non-cyclic dienyl groups, ailyl groups, boratabenzene groups, phosphole, 
and arena groups. By the tenn -^-bonded" is meant that the ligand group is bonded 
to the transition metal by a sharing of electrons from a partially delocalized it-bond. 

Each atom in the delocalized n-bonded group may independently be 
substNuted with a radical selected from the group consisting of hydrogen, halogen, 
hydrocarbyl. halohydrocarbyl, hydrocarbyl-substituted metalloid radicals wherein the 
metalloid is selected from Group 14 of the Periodic Table of the Elements, and such 
hydrocarbyl- or hydrocarbyl-substituted metalloid radicals further substituted with a 
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Group 15 or 16 hetero atom containing moiety. Included within the term "hydrocarbyr 
are C1.20 straight, branched and cyclic alkyi radicals, Ce.20 aromatic radicals. C7.20 
alM-substitutedaromadc radicals, and C7.2oaiyl-substitutedaH^ In 
addition two or more such radicals may together form a fused ring system, including 
5 partially or fully hydrogenated fused ring systems, or they may fonm a metallocycle 
with the metal. Suitable hydrocarbyl^bstituted otiganometalloid radicals include 
mono-, di- and tri-substituted organometalloid radicals of Group 14 elements wherein 
each of the hydrocarfoyi groups contains from 1 to 20 carbon atoms. Examples of 
suitable hydrocarbyl-substituted organometalloid radicals Include trimethylsilyl. 

1 0 triethylsilyl, ethyldimethylsllyl. methyldiethylsnyl. triphenylgemiyl, and trimethylgermyl 
groups. Examples of Group 15 or 16 h^ero atom containing nrK)ieties Include amine, 
phosphine, ether or thioether moieties or cfivalent derivatives thereof, e. g. amide, 
phosphide, ether or thioether groups bonded to the transition metal or l.anthanide 
metal, and bonded to the hydrocarbyi group or to the hydrocaibyl- substituted . 

15 metalloid containing group. 

Examples of suitable anionic, delocalized n-bonded groups Include 
cyclopentadienyl. Indenyl. fluorenyl. tetrahydroindenyl. tetrahydrofluorenyl, 
octahydrofluorenyl. pentadienyl, cyclohexadtenyl. dihydroanthraoenyl, 
hexahydroanthraoenyl. decahydroanthracenyl groups, phosphole. and boratabenzene 

20 groups, as well as hydrocarbyl- silyl- (including mono-, di-. or tri(hydrocaibyl)8ityl) 
8ut»stituted derivatives thereot PrefenBcj anionic, delocalized ic-bonded groups are 
cyclopentadienyl. pentamethytcydopentadienyi. tetramethytcydopentadienyl, 
tetramethyl(trimethylsilyl)-cyclopentadienyl, indenyl, 2,3-dlmjethylindenyl, fluorenyl, 2- 
methylindenyl, 2-methyl-4^enylindenyl, tetrahydrofluorenyl, octahydrofluorenyl. and 

25 tetrahydroindenyl. 

The boralabenzenes are anionic ligands that are boron containing analogues 
to benzene. They are previously known in the art having been described by G. 
Herberich, et al.. in Oroanometairics . 14,1, 471-480 (1995). Preferred 
tx)ratabenzenes oon-espond to the fbnnula: 



30 n n 

wherein R" is selected from the group consisting of hydrocarbyl. silyl. N,N- 
dihydrocarbyiamino. or germyl. said R" having up to 20 non-hydrogen atoms. In 
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complexes involving divalent derivaHves of such delocallzed ic^nded groups one 
atom thereof is bonded by means of a covalent bond or a covalently bonded divalent 
group to another atom off the complex thereby fonning a bridged system. 

Phospholes are anionic ligands that are phosphonis containing analogues to a 
5 cyclopentadienyl group. They are previously laiown In the art having been described 
by WO 98/50392. and elsewhere. Prefenred phosphole iigands correspond to the 



wherein R" is selected from the group consisting of hydrocarbyi, silyl. N.N- 
10 dihycfrocarbylamino. orgermyi, said R" having lipi to 20 non-hydrogen atoms, and 
optionally one or more R" groups may be bonded together fonming a multicyclic fused 
ring system, or fbnn a bridglrig group connected to the metal. In complies Involving 
cfivalent derivatives of such delocallzed n-bonded groups one atom thereof is bonded 
by means of a covalent bond or a covalently bonded divalent group to another atom 
15 of the complex thereby forming a bridged system. 

Phosphinimlne/ cyclopentadienyl complexes are disclosed in EP-A-890581 
and conespond to the fomiula [(R**)3-P=NJb'M***(Cp)(L^ )3-b. wherein: 

R** Is a monovaleiit llglmd. Illustrated by hydrogen, halogen, or hydrocarbyi. 
or two R** groups together fonn a divalent llgand, 
20 b'ls1or2; 

M*** is a Group 4 metal. 

Cp is cyclopentadienyl, or similar delocallzed ic-bonded group, 

l1 Is a monovalent llgand group. Illustrated by hydrogen, halogen or 
hydrocarbyi, and 
25 nls1or2. 

A suitable class of catalysts are transitton metal complexes corresponding to 
the formula: 

LpiMXmX*nX"p, or a dimer thereof 



fonnula: 



R" 




FT 



wherein: 
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Lp ts an anionic, detocalized, n-bonded group that is bound to M. containing 
up to 50 non-hydrogen atoms, optionally two Lp groups may be joined together 
fonning a bridged structure, and further optionally one lp may be bound to X; 

M is a metal of Group 4 of the Periodic Table of the Elements in the +2, -t-S or 
5 ^4 fonnal oxidation state; 

X is an optional, divalent substituent of up to 50 non-hydrogen atoms that 
together with Lp fbmns a metallocycle with M; 

X* is an optional neutral Ggand having up to 20 non<hydrogen atoms: 

X" each occunience is a monovalent, anionic moiety having up to 40 non- 
1 0 hydrogen atoms, optionally, two X" groups may be covatently bound together forming 
a divalent dianionic moiety having both valences bound to M, or. optionally 2 X" 
groups may be covalentiy bound together to form a neutral, conjugated or 
nonconjugated diene that is n-bonded to M (whereupon M is in the +2 oxidation 
state), or furtiier optionally one or more X* and one or more X" groups may be bonded 
15 together thereby forming a moiety that is both covalentiy bound to M and coordinated 
thereto by means of Lewis base tunctidhality; 

I is 0,1 or 2; 

misOorl; 

n is a number from 0 to 3; 
20 p is an integer from 0 to 3; and 

the sum. l*m-^, is equal to the fonnal pxidation state of M, except when 2 X" 
groups together form a rieutral corrugated or non-conjugated diene that is ic-bonded 
to M, in which case the sum Km is equal to the formal oxidation state of M. 

Preferred complexes include those containing either one or two Lp groups. 
25 Die tatter complexes include those containing a bridging group Rnking the two Lp 
groups. Preferred bridging groups are those corresponding to the formula (ER*2)x 
wherein E is silicon, germanium, tin. or carbon, R* indeperidentfy each occun-ence is 
hydrogen or a group selected from sliyt, hydrocarbyl, hydrocartsyloxy and 
combinations thereof, said R* having up to 30 carbon or silicon atoms, and x is 1 to 8. 
30 Preferably. R* independently each obcunrenoe is methyl, ethyl, propyl, benzyl, tert- 
butyl. phenyl, methoxy, ethoxy or phenoxy. 



-12- 



Examples of the complexes containing tm Lp groups are compounds 
coiresponding to the fonnula: 



MX", (R'jE). \ 



(ID 



or 




5 wherein: 

M is titanium, zirconium or hafnium, preferably zirconium or 
hafnium, in the +2 or +4 formal oxidation state; 

in each occurrence independently is selected from the 
groifl) consisting of hydrogen, hydrocarbyl. sllyl, gemiyl, cyano, halo and 
10 combinations thereof, said having up to 20 non-hydrogen atoms, or adjacent 
groups together fomi a divalent derivative (that is. a hydrocariaadiyl. siladiyi or 
germadlyl group) thereby fomiing a fused ring system, and 

X- independently each occurrence is an anionic llgand group of up to 40 non- 
hydrogen atoms, or two X" groups together form a divalent anionic llgand group of up 
15 to 40 non^ydtogen atoms or together are a conjugated diene having from 4 to 30 
non-hydrogen atoms fomiing'a w^mplex with M. whereupon M is in the +2 formal 
oxidation state, and 

R*. E and X are as previously defined. 

The foregoing metal complexes are especially suited for the preparation of 
20 polymers having stereoregular molecular structure. In such capacity it is preferred 
that the complex possesses C, symmetry or possesses a chlral, stereorlgid structure. 
Examples of the first type are compounds possessing different delocalized n-bonded 
systems, such as one cydopentadienyl group and one fluorenyl group. Similar 
systems based on Ti(IV) or Zr(IV) were disclosed for preparation of syndiotactic olefin 
25 polymers in Ewen. et ah. J. Am. Chem. Son. 1 1 o. 6255-6256 (1 980). Examples of 
chiral structures include rac bis-lndenyl complexes. Similar systems based on Tl(l V) 
or Zr(IV) were disclosed for preparation of isotactic olefin polymers in Wild et al.. i 
Oroanomet. Chem.. 232. 233-47, (1982). 
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Exemplary bridged itgands containing two ir-bonded groups are: 
dimethylbis(cydopentadienyl)silane, dimet)iy!bis(tetramethylcyclopentadlenyl)silane, 
dimethylbis(2-ethylcyclopentadien-1 'yl)silane. dimethylbis(2-t-butylcyclopentadierM - 
yl)s[lane, 2,2-bis(tetramethylcyclopentadienyl)propane, dimethylbis(inderv1-yl)si(ane, 
5 dimethylbls(tetrahydroinden-1 -yl)sHane, d(methy(bis(fluofen-1 -yQsilane, 

dimethylbis(tetrahydrofluoren-1 -yl)silane, dimethyIbls(2-methyM-pheny1inden-1 -yl)- 
siiane, dtmethylbis(2-methylinden-l-yl)silane. dimethyl(cydopentadienyl)(fluoren-1- 
yl)silane, dimethyl(cyclopentadienyl)(Qctahydrofluomv1 -yt)silane, 
dimethy<(cyclopentadierTyt)(tetrahydrofIuoren-1-yOsllane. (1.1,2, 2-tetraniethy)>1 . 2- 
10 bi8(cydopentadienyt}disilane. (1 , 2-bi8(cyclopentadienyl)6thane, and 
dimethyl(cydopentadienyl)-1-(fluorerh1-yl)methane. 

Preferred X* groups are selected from hydride, hydrocarbyl, sHyl, germyl. 
halohydrocartiyl, halostlyl, sitythydrocarbyl and aminohydrocarbyl groups, or two X" 
groups together form a divalent derivative of a conjugated cfiene or else together they 
15 fbnri a neutral, ic-bonded,ooriiugateddiene. Most preferred X" groups are Ci .20 
hydrocarbyl groups. 

A further dass of metal complexes utilized in the present invention 
corresponds to the preceding fbnnula Lp|MXniX'nX"p. or a dimer thereof, wherein X is 

a divalent substituent of up to 50 non-hydrogen atoms that together with Lp forms a 
20 metallocycle with M. . 

Preferred divalent X sqbstrtuents. indude groups containing up to 30 non- 

■ ■ • 

hydrogen atoms comprising at least one atom that is oxygen, sulfur, boron or a 
member of Group 14 of the Periodic Table 6f the Elements directly attached to the 
delocalized n-bonded group, and a different atom, selected from the group consisting 
25 of nitrogen, phosphorus, oxygen or sulfur that is covalently bonded to M. 

A preferred dass of such Group 4 metal coordination complexes used 
according to the present invention corresponds to the formula: 




wherein: 
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M Is tftanium or Zirconium, preferably thanlum in the +2. +3. or +4 formal 
oxidation state; 

'^*"«^<^noeindeperKientiybseiectedfromth 
Jy*ogen.hydrocaibyl.silyI.gemiyI.cyano.^^ 
5 ^-^n9upto20non.hydrogeriatoms.oradj^^^ 

denvafve (that Is. a hydrocart^dlyl. s«adiyl or gennadiyi g«,up) thereby fomiing a 
fused ring system. ^ 

each X-is a halo, hydrocaibyl, hydtocartjytoxy or silyt group, said gmup 

having up to 20 ncn4,ydrogen atoms, or two X-groups togelher form arie^ 
1 0 conjugated diene or a divalent derivative thereof; 

Yis-0-.-S-..NR*.,.PR*.;and 

2 Is SiR^. CR*,. SiR-^iRV CR-aCR-2. CR-«CR-, CR-^R^ or GeR*. 
wherein RMs as previously defined. . . _ 

'""^^^'^^^"'"P^metalcomplexesthatmaybeempte^^ 
15 the present Invention Include: 

cydopentadienyltitaniumtrimethyl, 
cydopentadienyltitaniumtriethyl. 
<yclopentadienyltitanlumtriisopropyl, 
pydopentadienyltltanlumtriphenyl, 
20 cydopentadienyftitaniumtribenzyi, 

cyclopentadienyltitanium.2.4rdimethylpentadiehyl, 

cydopentadlenyHltanlum:2.4:dimethylpenladienyll^^^^ 

cydopentadienyltitanium.2.4<limethylpentadienyUW^^^^ 

cydopentadienyltaanlumdlmethylmethoxlde, 

25 cydopentadienyflltanlumdimethylchloride, 

pentamethylcyckipentadlenyniianlumtrlmetlv^^ 
indenyltltaniumtrimethyl, 

Menyltitanlumtrlethyl. 

indenyrtltaniumtripropyl, 
30 indenyftftaniumtriphenyl, 

tetrahydroindenyltitaniumtribenzyl, 

pentamethylcydopentadlenyltitaniumtriisopropyl. 

pentamethylcydopentadienyltitanlumtribenzyl. 

pentamethylcydopentadienyltitaniumdimethylmethoxide. 
35 pentamethylcydopentadienyltitaniumdimethylchloride. 
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bis(ii*-2,4-dlmethylpentadienyl)titaniufn. 
bis(Ti^-2,4-<£methyipentadienyl)titanium«trimeth 
bls(T)"'2,4KlirnethytpentacRenyt)titan]um«tri6thylphosphine, 
octahydrofluorenyttitaniumtrimethyl, 
5 tetrahydrolndenyttitaniumtrimelhyt, 
tetrahydrofluorenyftitaniumtrimethyl, 
(tert-butylamldo)(1 .1 -dimethyl-2.3.4,9,1 0-ti-1 ,4.5,6.7,8- 

hexahydronaphthalenyOdimethyisilanetitaniumdimethyl, 
(tert-butylamido)(1 ,1 ,2.3-tetramethyl-2.3,4,9,1 O-t^-I .4,5.6.7.8- 
10 hexahydronaphthaleny1)dimethytsilan6titaniumdimethyl, 

(tert-butylarnido)(t6tramethyt-Ti^-cydopentadien dimethytsilanetitanium dibenzyl, 
(tert-butylamido)(tetramethy^ii^-cydopentadienyOdimethy^^^ dimethyl, 
(tert-butylanf^o)(tetramethyl-n'-cyclopentacfienyl)-1 ^-ethanediyttitanium dimethyl, 
<tert-butylamido)(tetramethyl-n^Hndenyl)(£methylsilanetit^^ dimethyl, 
1 5 (tert-butylamido)(tetramethyt-n'-Gydopentadienyl)dlmethylsilane titanium (III) 

2-(dimethylamlno)b€nzyl; 
(tert-butylamido](tetramethyl-Y)^-cyc(opentadienyI)dimethylsilanetitanium (III) allyl, 
(tert-butylamldo)(tetramethyl-n'-cyclopentadienyl)dimethylsilan€titanium (Hi) 

2,4<dimethytpentadienyl, 
20 (tei1-butylamido)(tetramethyl-n^H:yctopentadtenyl)dtmethytsilan (II) 

1 ,4-diphenyl-1 .S-butadiene; 
(teft-btJtylamido)(tetramethyl-ii^-cyclopentadienyt)dimethylsitanetitanium (11) 

1 .S-pentadiene. 

(tert-butylamido)(2*methytindenyl)dlmethylsitanetitanium (11) 1.4-diphenyt*1,3- 
25 butadiene, 

(tert-butytamido}(2-methy1indenyl)dimethylsilanetitanium (It) 2.4-hexadiene, 
{tert^utylamido)(2-methytindenyl)dimethylsitanetitanium (IV) 2,3-dimethyt-l ,3- 
butadiene, 

(tert-butylamido)(2-methylindenyi)dimethylsilanetitanium (iV) isoprene, 
30 (tert-butylamido)(2-methyfindenyi)dimethylsllanetitanium (IV) 1,3-butadiene, 
{tert-butylamido)(2,3-dimethylindenyl)dlmethylsilanetitanium(IV) 

2,3-dimethyl-l ,3-butadiene, 
(tert-butylamido)(2.3-dimethylindenyl)dimethytsilanetitanium (IV) isoprene 
(tert-butylamido)(2,3-dimethylindenyl)dimethytsilanetitanium (tV) dimethyl 
35 (tert>butylamido)(2,3-dimethy1indenyl)dimethy1sitanetitanjum (IV) dibenzyt 
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1-(tert4)utylamido)-2-(tetrarnethyl-ii*-cyclopentadienyl)ethanediyl- titanium (II) 1,4- 
diphenyH ,3-butadiene. 

(tert-butylanrudo)(3-<N-pyrroridinyl)indenyl)dimethylsi^ (IV) 
2,3-dimethyl-l ,34>utadiene, 

5 (tert-butylamUo)(3-(N-pyrroIidlnyl)indenyqdimethylsll^ (IV) 
isoprene 

(tert-butylamido)(3-(N-pyiTolidinyl)lndenyl)dimethylsilaneti^ (IV) dimethyl 

(tei1-butylamido)(3-(N-pyiTolidinyl)indenyl)dffTiethylsilanetha^ (IV) dibenzyt 

(tert-butylamkJo)(3KNi)yrrolidlnyOindenyl)dimethylsiianet^^ (IV) 1 ^-butadiene. 

1 0 (tei1-butylamkto)(3-(Ni)yrroiidinyl)indenyl)dimethylsilanetitant (11) 1 ,3-pentadiene. 

(tei1-butylamido)(3-(N-pyrroiidinyl)tndeiiyl)dimethylsilan8ti^ (II) 1,4-diphenyl- 
1 butadiene, and 

(tert^)utylarnido)(34l-pyridinylindenyO(fim6thyl^^ (11) 2,4-hexadiene. 



Complexes oontainmg two Lp groups including bridged complexes suitable for 



1 5 use in the present invention include: 
bis(cyclopentadienyl)zirooniumdimethyl, 
bis(cyclopentadienyl)zirconium dibenzyl, 
b{s(cydopentadienyl)ziroonium methyl benzyl, 
bls(cyclopentadienyl)ziroonium methyl phenyl, 

20 bls(cyclopentadienyl)zifconlumdlphenyl, 
bls(cyclopentadienyl)titanium-eliyl. . 
bis(cyciopentfiufienyl)zinx)niuftonethy^ 
bis(cyclopentadienyl)zirconIummethylchloride, 
. bis(pentamethylcyclopentadlenyl)zirooniumdimethyt, 

25 bis(pentamethylcyclopentadienyl)titanlumdimethyl, 
bls(lndenyl)zirconiumdimethyl, 
indenytfluorenylzirconiumdimethyl, 
bis(indenyl)zirconiummethyl(2-(dimethy1amino)benzyt), 
bis(indenyl)zirGoniummethyttrimethylsilyl, 

30 bjs(tetrahydroindenyl)zirconiummethyltrimethylsilyl, 

bis(pentamethylcyclopentadienyl)zirconlummethylbenzyl, 
bis(pentamethyicyclopentadienyl)zirconiumdibenzyl, 
bis(pentamethylcyclopentadienyl)zirconlummethyimethoxIde, 
bis(pentamethylcyclopentadlenyl)zirconiummethytchloiide. 

35 bis(methylethyicyciopentadienyt)zirconiumdimethyt, 
bis(butylcyclopentadienyl)zirconiumdibenzyl. 
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Ws(t-butykqrctopentadienylWn»nit^^^ 

W8(e%«etramelhylcyo.openladionyl)2i,«,ni^^^^ 

b.8(rn9thylpriwlojrcl(ventadienyl)2ir<»nium(fib«^^ 

*'™'^'^5(2.methylindenyOz.,x»niunKlimefliyl 

<«methj,lsilyH*(fluo«nyl,2i«,„iummethyk*io^ .*««utedfene. 
dimethyK,y^bis(,etrahydrotU«^ ; 

forusehereinarethefollowingmetalcomplexes- '^'^'^^ ««"P'««* 

" scrrrr*™^'-*--— «... 
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(t-butylamldo)dimethyl(2-methyl-s-indacerv1 -yl)silanetitanium dimethyl, 
(t-butylamido)dimethyl(2HTiemy»-8-indac8n-1-yl)sflaneti^ (II) l^ijentadiene. 
(t4)utylamido)dimethyl(2-fnethyl-SHndaoen-1-yl)silanetilanium (11) 1 .4 diphenyH .3- 

butadiene. 

5 (cydohexyIamido)dimethyI(2-niethyl-s4ndacen-1 -yl)silanetitanium dimethyl, 

cydohexylamido)dimethyl(2-methyl-s-irxiaoen-1-yQsllan^ (11) 1,3-pemadiene, 
cyck)hexylarTMo)dimethyi(2-methyl-s-indaoen-1 -yl)silan6tltanlum(ll) 1 .4 dIphenyl-1 ,3- 
butadiene. 

(Gyckxtodecylamido)dimethyl(2-^ethyl-SHmte^ dimethyl. 
1 0 (cydododecylamido)dim6thyl(2'methyl-s-indacen-1 -yOsllanetitanlumili) 1 ,3- 
pentadiene, 

(cydododecylamkk>)dimethyl(2Hnethyl-s-in^^ -yl)silanetitanlum(ll) 1 .4 diphenyl- 
1,3- butadiene, 

(t-butylamido)dimethyl(3.4-(cydopema(4phenanthren-1-yl)sHan6^ 
15 (fimethj^ 

(t-butytamido)(taethyl(3.4-(cydopema(Qphenanthre^^ 1,3- 
pentadiene, 

(t-butylamido)rfimethyl{3,4-(cydoperita(4phenamhren-1-yOsilanetfta^ 1 ,4 

diphenyl- 1 .34)utadiene. 
20 (cydohexylamfdo)dimethyl(3,4-(cydopenta(0phenanthren-1-yl)sllanetltanlu^ 

dimethyl. cydohexyiamldo)dimethyl(3.4-(cydopenta(flphenanthren-1 - 

yl)silanetitanium((l) 1 .3-perrtaaiene, cyd6hexylamido)dimethyl(3,4- 

(cydopenta(4phenanthr8n-1- yi)stlanetitanium(II) 1,4 diphenyl-1.3-butadiene. 

(cydododecylamido)dimethyl(3,4-(cydopenta(/)phenanthrerv1 •yi)silanetitanium 
25 dimethyl, (cydododecyiamldo)dlmethyl(3,4-(cydoperita(/)phenanthren-1- 

yl)silanetitanium(ll) 1,3- pentadiene, 

(cydododecylamido)dimethyl(3,4^cydopema(i)phenanthren-1-yl)silanetitani 1 .4 
diphenyH ,3-butadiene, 

(t-butylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)silanetitanium dimethyl, 
30 (t-buty!amido)dimethyi(2-methyl-4-phenyfinden-1 -yl)silanetitanium(ll) 1 ,3-pentadiene, 
(t-butylamldo)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium(ll) 1.4 diphenyl-1 ,3- 
butadiene, 

(cydohexytamido)dimethyl(2-methyM-phenytinden-1 -yl)s]lanetttanium dimethyl. 
cydohexylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)silanetltan!um(n) 1 ,3- 
35 pentadiene. cydohexylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)sllanetllanium(ll} 
1,4 diphenyl- 1 ,3-butadiene. 
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cydohexylamido)dimethy!(3-(1 -pyrrolidinyOlnden-1 -yl)sjlanetitanium(ll) 1 ,3- 

pentadiene.cydohexylamido)dimethyl(3-(1-pyrroMlnyl^^ 

1,4diphenyl- 1 ,3-butadiene, 

(cyclododecylamldo)dim©thyl(3-(1 -pynrolidinyl)ind9n-1 -yl)sflanetitanium dimethyl, 
5 (c/ciodcxtecylamido)dimethyl(3-(1i)yrrolidinyOirKi^^ 1^- 
pentadiene. 

(cyclododecylamtdo)dirnethyl(3-(1 -pyrrolidinyljinden-l -yl)silanetitanium(ll) 1 ,4 
diphenyl- 1,3-butadiene, 



10 1,2-6thanebis(inden-1-yl)ziroonUjm(il) 1.3-pemadiene. 

1.2-ethanebis(inden-1-yl)zirconium(ll) 1.4 diphenyt-1 ^-butadiene. 

1 ^-ethanebls(2-melhyl-4i)heriylind^ dimethyl. 

1^-«thanebis(2-methyl-4i)henyllnden-1^^^ 13-pentadiene, 

1 .2-ethanebls(2-methyM-pheriyltnden-1 -yl)zirconium(ll) 1 ,4 diphenyl-1 .d-butadiene. 

1 5 dimethylsnanebisOnden-1-yOziramiurn dimethyl, 

dlmethylsBanebis(inderM-yQziroonitim(ll) 1,3-pentadiene, 
dimethylsilanebis(inden-1-yl)ziroonium(ll) 1.4diphenyt-1.3-buta(fiene, 
dimethylsflanebis(2<^ethyMi)henylinden-1-yl)zirooniu^ cfimethyl. 
dimethylsaanebis(2-methyM-phenylinden-1-yl)zirconiu^^ 1,3-pentadiene, and 

20 dimethylsilanebis(2-methyl-4i)henylinden-1-yl)ziroonlum(ll) 1 ,4 dtphenyl-1 .3- 
butadtene. 

Suitable supports, component A), for use in the present invention include any 
inert, solid, finely comminuted or particulated substance. Examples include metal 
oxides, metal nitrides, metal carbides, metal silicates, metat fluorosilicates. metalloid 

25 carbides, metalloid nitrides, mixtures of the foregoing, and synthetic hydrocarbon or 
silicone based polymers. As used herein, the term Inerf means that the support 
does not interfere with the desired polymerization reaction in a detrimental manner. 
However, the support may Interact with the catalyst components, such as by reaction 
to bind one or more of the individual components to the surface of the support without 

30 detrimentally affecting the components desired physical or chemical properties in an 
addition polymerization. Prefen-ed supports include silica, aluminosillcates, clays, 
alumina, titanates. silicon carbide, magnesium silicates and magnesium 
fluorosilicates. especially such materials.thai have t>een treated in one or more ways 
to remove detrimental reactive functionality therefrom. A most prefen-ed support 

35 material is silica that has been thoroughly dried to remove water and treated with a 



1,2-ethanebisPnden-l-yQziroonium dimethyl. 
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compound, to react wfth or w fT °' " "^^^ 
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c^'ca.prope.esor.HesZtXr^C"'*"""'*^ 

-.J^'r::it:^r^-^^co«ac^^^ 

-'"'^dp.ssu.ora.ete.a.eci.em^'^"^"-^^ 

-er:r-zr:oCr.~ 

«^«»«necompound.a.n(hydrocaZ^ru^^ 

cornpou«.s.hal,,rr^^^^^^^ 
components. They n,ay be added to^T 

--o...ed.:.r:rr:rr"-^^°^"'- 
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Preferred aluminum compouncis include C1.20 trialkyi aluminum compounds, 
espedaiiy those wherein the atkyi groups are (fiaIkyl(aryloxy)aIuminum compounds 
containing from 1-6 cartx)ns in the alkyt group and from 6 to 18 cartons in the aryl 
group (espedaiiy (3.5Kfi(t-butyiH-methylphenoxy)dil50butylaluminum), 
5 methylalumoxane, and isobutyi* modified methytalumoxane. The molar ratio of metal 
complex to aluminum compound is preferably from 1 :1 0,000 to 1 000:1 « more 
preferably from 1 5000 to 1 00:1 , most preferably from 1 :1 00 to 1 00:1 . 

In a preferred emt}odiment. the organometalllc compound is a tnliydrocarbyl 
aluminum compound having from 1 to 6 cartxjns in each hydrocarbyl group, 

1 0 especially a trialkyi aluminum compound, preferat)ly trimethyl aluminum or triethyl 
aluminum, that is combined with the support that has been previously thoroughly 
dried. Desirably, the quantity of organometalln compound employed is less than a 
stok^iometric quantity based on the sum of any remaining water plus the quantity of 
residual hydroxy! groups on the surface of the support, preferably in a molar ratio from 

1 5 0.5:1 .0 to 0.99:1 X). more preferalsly from 0 J5:1 .0 to 0.95:1 .0 based on this total of 
water reskluai hydroxy! coment (refened to as total hydroxyl content). The value of 
such total hydroxyl content may be determined by titration with a LjCwIs add such as a 
trlalkytalumlnum compound 

Such a pretreated support material is believed to contain sufficient residual 

20 hydroxy! functtonality to.react with Lewis add groups of the activator compound 
thereby chemicaliy attaching the activator compound to the substrate. Such 
chemically attached activatbr'compound containing catalysts are particularly adapted 
for use In slurry polymerizations due to the fact that the active catalyst spedes resists 
being washed from the support by the reactTon medium or diluent under use 

25 conditions. Certain of the activators may be more soluble in organic ik^uids than 
others, due for example to the presence of more oliophiliic groups in the molecule. 
For example, tong chain alkyt 8Ut)stituted imidazoiide salts such as the undecyt- 
substituted imidazoUdes are somewhat more soluble in hydrocart>ons compared to 
the corresponding unsubstituted salts. Such compounds form more hydrocarbon 

30 resistant supported catalyst compositions, which accordingly are more suited for use 
under sluny polymerization conditions, when deposited onto substrates containing 
residual hydroxyl functionality. 

Preferred support materials in this emtxxliment of the invention are finely 
partk:ulated materials that remain solids under conditions of preparation and use and 

35 that do not interfere with sutisequent polymerizations or other uses of the compositbn 

of the invention. Suitable support materials especially indude particuiated metal 
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Active supported catalyst compositions are prepared by contacting a metal 
complex or a mixture of metal complexes to be activated with the above disclosed 
support. Any suitable means for Incorporating the metal complex onto the surface of 
a support (including the interstioes thereof) may be used, including dispersing or 
5 dissolving the same in a liquid and contacting the mixture or solution with the support 
by slunying, impregnating, spraying, or coating and thereafter removing the liquid, or 
by combining the metal complex and support material in dry or paste fonn and 
intimately contacting the mixture, thereafter fomiing a dried, particulated product. 
Suitable metal complexes for use in combination with the foregoing 

1 0 cocatalysts mdude any complex of a metal of Groups 3*1 0 of the Periodic Table of 
the Bements capable of being activated to polymerize addition polymerizable 
compounds, especially olefins by the present activalors. 

The activator compound used in the present invention are capable of 
activating a wide variety of metal complexes. Moreover, the cocatalysts can be 

1 5 optimized in their ability to activate different metal complexes through combination of 
anions, Z*. having Lewis base sites of vary^ base strength, and Lewis adds, J\ 
havmg varying addity. For example, catalyst compositions having long catalyst 
lifetimes and less exothermic reactions have anions containing less basic Lewis base 
sites In combination with less addle Lewis adds. Such catalysts may be highly 

20 desirable for use in gas phase polymerizations where adequate heat removal may be 
critical to success.' 

The equivalent ratio of catalyst/oDcatalyst (caiculkted based on quantity of 
metal in the catalyst and anionic charges on the cocatalyst) employed preferably 
ranges from 1 :1 0 to 1 0:1 . more preferably from 1 :5 to 2:1 . most preferably from 1 :4 to 

25 1 :1 . Mixtures of activator compounds may also be employed if desired. 

Suitable addition polymerizable monomers include ethylenically unsaturated 
monomers, acetylenic compounds, conjugated or non-conjugated dienes. and 
polyenes. Prefen^ed monomers indude olefins, for examples alpha-olefins having 
from 2 to 20.000. pr^erably from 2 to 20. more preferably from 2 to 8 cartK)n atoms 

30 and combinations of two or more of such alpha-olefins. Particularly suitable alpha- 
olefins indude, for example, ethylene, propylene, 1-butene. 1-pentene, 4- 
methylpentene-1, 1-hexene, 1 -heptane, 1-octene. 1-nonene, 1-decene, 1-undecene, 
1-dodecene. 1-tridecene, 1-tetradecene, 1-pentadecene. or combinations thereof, as 
well as long chain vinyl terminated oligomeric or polymeric reaction products fomned 

35 during the polymerization, and a-olefins spedfically added to the reaction 

mixture in order to produce relatively long chain branches in the resulting polymers. 
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Molecular weight cx)ntrol agents can be used in combination with the present 
cocatalysts. Examples of such molecular weight control agents include hydrogen, 
trialkyl aluminum compounds or other known chain transfer agents. Desirably the 
polymer obtained from the reactor has a high bulk density, preferably greater than 0.3 
5 g/ml, more preferably greater than 0.35 g/ml. The catalyst are also advantageously 
emptoyed In a process that produces little or no reactor fouling due to deposition of 
sofid polymer onto surfaces within the reactor. 

The catalysts are espedally suited for use in the homopolymerization and 
copotymerization of ethylene and propylene, and the copolymerizatk)n of ethylene 

1 0 with higher alpha olefins such as, for example. 1 -butene, 1 -hexene, 4-methyl-1 - 
pentene for the manufacture of high density polyethylene (HOPE), medium density 
polyethylene (MDPE), linear low density polyethylene (LLDPE,). low density 
polyethylene (LOPE), and polypropylene. 

The gas phase polymerization process emptoyed can be, for example, of the 

1 5 type which employs a mechanically stimed bed or a gas flukfized bed as the 

polymerizatkm reaction zone. Preferred is the praoess wherein the polymerization 
reaction is carried out in a vertical cylindrtoal polymerizatton reactor containing a 
flukfized bed of polymer parttoles supported above a perforated plate or fluklisation 
grid, by a flow of fluidisation gas. 

20 The gas employed to flukfize the bed comprises the monomer or monomers to 

be polymerized, and ateo serves as a heat exchange medium to rernove the heat of 
reaction from the bed. The hbt gases erherge from the top of the reactor, normally via 
a tranquliizatkm zone, also known as a yetodty reduction zone, having a vnder 
diameter than the flukiized bed and wherein Une particles entrained in the gas stream 

25 have an opportunity to gravitate back Into the bed. It can also be advantageous to 
use a cydone to remove ultra-fine particles from the hot gas stream. The gas is then 
normally recycled to the bed by means of a blower or compressor and one or more 
heat exchangers to strip the gas of the heat of polymerizatiori. 

A pref en-ed method of cooling of the bed, in addition to the cooling provided by 

30 the cooled recycle gas. is to feed a volatile liquid to the bed to provide an evaporative 
cooling effect. The volatile Uquki employed in this case can be. for example, a volatile 
inert liquid, for example, a saturated hydrocartx)n having 3 to 8. preferably 4 to 6, 
carbon atoms. In the case that the monomer or comonomer itself is a volatile liquid, 
or can be condensed to provide such a liquW this can be suitably be fed to the bed to 

35 provide an evaporative cooling effect. Examples of olefin monomers which can be 
employed in this manner are olefins containing from 3 to eight, preferably from 3 to six 
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weight basis. All manipulation of air sensitive materials was pert omied in a nitrogen 
filled glove box or on a high vacuum line using standard Shienk techniques. 
A) Silica Treatment 

A1 Silica (Qrace-Davison 948, available from Grace-Davison division of W.R. 
5 Grace) was dehydrated at 250 "t) tor 3 hours in air. Then, the sIHca was slurried 

in hexane and the resulting mixture treated with a 1 .00 M solution of 

trfethylaluminum (TEA) in hexane in an amount to provide 1 mmol TEA/ g silica. 

The mixture was agitated for 30 minutes and then the soOds were isolated by 

filtration, washed twioe.with hexane and dried under reduced pressure. Because 
10 less than a stoichiometric amount of triethylaiuminum compared to the quantity of 

reactive sites on the silica was employed, residual hydroxyl functtonafity remained 

on the surface of the silica. 

A2 Silica (Graca-Oavison 948, available from Grace-Davison division of W.R. 

Grace) was dehydrated at 250 <^ for 3 hours in air. Then, the silica was slunied 
15 in hexane and the resulting mixture treated with a 1 .00 M solution of 

triethylaiuminum (TEA) in hexane in an amount to provide 2.1 mmol TEA/ g silica. 

The mixture was agitated for 30 minutes and then the soHds were isolated by 

filtratioa washed twice with hexane and dried under reduced pressure. Because 

more than a stoichiometric amount of triethylaiuminum compared to the quantity 
20 of reactive sites on the silica was employed, the resulting support had 

substantially no residual hydroxy! functionality remainirig on the surface of the 

silica. ' . 

A3 Silica (surface area 305 m^/g, pore volume 1.49 ml/g) was dehydrated at 250 
for 3 hours in air. Then the silica was slunied in hexane and treated with a 
25 1.00 M solution of triethylaiuminum in hexane in an amount to provide 2.5 mmol 
TEA/g silica. 

A4 Silica (Oosfield ES-70. available from Crosfield Limited) was dehydrated at 
250 X for 3 hours in air. Then, the silica was slurried in hexane and the resulting 
mixture treated with a 1.00 M solution of triethylaiuminum (TEA) in hexane in an 
30 amount to provide 2.5 mmol TEA/ g silica. The mixture was agitated for 30 

minutes and then the solids were isolated by filtration, washed twice with hexane 
and dried under reduced pressure. 

A5 Silica (Grace-Davison 948. available from Grace-Davison (fivision of W.R. 
Grace) was dehydrated at 250 **C for 3 hours In air. Then, the silica was slurried 
35 in hexane and the resulting mixture treated with a 1 .00 M solution of 
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15 

reduced pressure. 



B) Metal Complex Preparation 

Bra-bu.ylan,ido)dimethy,(tet^ 

pe«adiene prepared substantially as disciased In USP 5.470.993 

d«^enyl-i ,3-butad.ene prepared substantially as disclosed in USP 5 616 664 
B3 «'>bis(N.N^isopropylamidoboranebWfl»-^n,Zi!!^ 

^.'^'^'^<N.N<lime.hy.amidoboranebis(,^2wne.hW-4-phenylin*^^^ 

C) Activator Preparations 

undecyllmidazolKte a(C..H„feCH,NHII,(CF,feAOAH,N^„ "^""'^ 
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C11H23 



(CsFiOaAl 




HNrCH3(Ci4.ieHb7^2 



Undecyf imidazole (0.267g, 1.20 mmol). tris(pentafluorophenyl)alumane 
{^27Q, 2.40 mmol) and dl(Ci4.i8 alkyl)methylamine (ArTneen"~ M2HT0 available 
from Akzo Nobel. 0.64g. 1 .20 mmol) were placed in a 50 mL flask, taken up in 1 0 
mL of mixed alkanes and refiuxed under argon for 4.5 hours. The volatiles were 
then stripped under vacuum, giving 2.1 8 g of viscous beige on (1 00 percent yield). 
C2 cfi(Ci4.i8 aikyl)methylammonium 13^is(tris(pentafluorDphenyl)alumane)- 



ImMazole (0.057g. 0.83 mmol), tris(pentafluorophenyl)aiumane 
(diethyletherate) (1 .00 g. 1.66 mmol) and di(Ct4.i8 alkyl)methylamine (Amieen^ 
M2HT0 available from Akzo Nobel. 0.445 g. 0.83 mmol) were placed in a 120 ml 
glass bottle. Toluene (40 ml) was added and the mixture was stirred for 1 6 hours. 
A condenser was added and the reaction mixture was heated to reflux 
temperature for 8 hours. . The mixture was then cooled and concentrated to 20 ml. 
The producTs kJentfty was confinned by^H and ^^F NMR spectroscopy. 
C3 di(Ci4.i8 alkyl)methylammonhjm 1.34)is(tris(pentafluorophenyl)borane)-4.5- 
diphenylimidazolkte (I{C,4.,8H2y.«i)2CH3NH][((C6F5)3AI)2Ci5H„N2 



in place of imidazole and tris(pentafluorophenyl)borane in place of 
tris(pentafluorophenyl)aluminum. 

C4 di(Ci4.i8 alkyl)methylammonium 1,3-bis(tris(pentafluorDphenyl)borane)-4.5- 
dichloroimidazoiide 



mUdazolWe (((C,4.,aH27«)2CH3NHIl{(CsF5)3AI)2C3H4N2 




HsrCHj(Ci4-isHb7^)2 




-32- 



10 



wo 01/23442 W 

PCT/USOO/21482 

j^(C6Fs)3B-(^N_B(C6F5)3j 
|(C6F5)3AI-t^N_A|(C6F5)3j 

HN*CK5(C,4.,8H27^)2 



15 ;jJ«"^entsforthissuppoiledcatalystwerBAl.BlandCl 

andmeresultngmoctureagBatedafurtherlwohours. The sluny was then fiHered 

Te..«,,e was agitated for nvo hours, filtered, washed v^K«,10n,lportio«^^^ 
^^ene and ,hen two 1 0 portions o, hexane. and dHed u«.er reduced^^" to 

y'«"thesupportedcatalystasagreen^,rowncoloredsolid 
25 Polymerization 

Slurry flihyff.,,^ f.>.^^p^^,y^^^ ^ ^ ^^.^^^ ^ 
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A Stirred 4.0 L reactor was charged with 1 800 g of hexane and heated to the 
reaction temperature of 70°C. Ethylene was added to the reactor in an amount 
sufficient to bring the total pressure to the desired operating level of 1.3 Mpa (190 
psi). 0.59 g Of the above described supported catalyst from Example 1 was then 
5 added to the reactor using nitrogen pressure. The reactor pressure was kept 
essentially constant by continually feeding eltiytene on demand durirtg the 
polymerization run while maintaining the reactor temperature at 70^ with a cooling 
jacket. After 30 minutes, the ethylene flow was cfisoontinued, the reactor was vented, 
and the contents of the reactor were trensfened to a sample pan. Uquldwas 

10 removed under reduced pressure leaving 25.7 g of free ftowing polyethylene powder 
having a bulk density of 0.366 g/cm^ and an average particle size of 267 micron. 
Under oornparabte conditions a supported catalyst prepared from silica that had been 
treated with TEA in an amount of 2.1 mmol^ silica and similarly washed, gave no 
detectable amount of polyethylene, thereby indicating that the cocatalyst had been 

1 5 washed from the surface of the silica. 
Example 2 

The components for this supported catalyst were A2, B1 and CI 

3 g Of siGca (A2) was slumed in hexane (60 ml) and 5 ml of a 0.1 M solution of 

the activator (C1 ) in hexane was added and the mbcture agitated for two hours. The 

20 slurry was then dried under reduced pressure. 2^ g Of the resulting so&d was 

reslurried in 40 ml of hexane and 0.7 ml of a 0.2 M solution of metal complex (B1 ) in . 

hexane was added. The mixture was agitated for two hours and the solvent removed 

under reduced pressure to yield the product useful in a gas-phase polymerization of 

ethylene, optionally with 1-butene or 1-hexehe comonomer. 

25 Examples 

The components for this supported catalyst were A7, B3 and C2 

Under an argon atmosphere, a toluene solution of di(Ci4.i8 

alkyl)methylammonium imidazolate bis[tris(pentanuoropheny|)alumane]. 689 ^. 

0.0479 M. 33.0 »imol) was diluted to 1500 pi with toluene and added to 1 .00 g of 

30 triethylaluminum (TEA)-treated silica. The mixture was shaken by hand to break-up 

clumps and then mechanically agitated for 5 minutes. The volatiles were then 

removed under reduced pressure. A toluene solution raodiisopropylamidoborane- 

bis-(Ti*-2-methyl-4-phenylindenyl)zlrconium(1 ,4-diphenyl-1 .3-butadene) (1500 nl, 

0.020M, 30.0 jimol) was added to the TEA-treated silica. The mixture was shaken by 

35 hand to break-up dumps and then mechanically agitated for 5 minutes. The volatiles 

were then removed under reduced pressure to give a blue solid. 
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PhenylindenyDztoniumn 4^nhe™. , J™^^^ -2-methyl-4- 
^0 was added to me l^J^^^^^"^^ 30-0 Mmof, 

c.u.psand.en.ec.I^^^^Jtrrr;^''^^^"'''"^ 

givealigwbiuesolid. """^'''''"'"^"'^'^ pressure to 

25 Gas Phase Polymertzatloiis 
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with copious quantities of distilled water to remove the salt, dried at 60®C, and then 
stabilized by addition of a hindered phenol antioxidant (Irganox^ 1010 from Ciba 
Geigy Corporation) and 1 33 mg of a phosphorus stabilizer. Activity values were 
calculated based on ethylene uptake. Results are shown in Table 1 . 
6 TABLE 1 









Activity 










Run 


Catalyst 


Hj (ppm) 


ra/QhbV 


GSOS'lly 


m 


Mw 




1 


Ex.3 


6000 


140.7 


0.899 


0.89 


180,000 


3.16 


2 


Ex.4 




54.0 


0.898 


0.57 


194.000 


2.56 


3 


Ex.3 


8000 


195.4 


0.895 


0.33 


205.000 


2.57 


4 


Ex.4 


6000 


66.7 


0.890 




226.000 


2.40 


5 


Ex.3 


10000 


236.0 


0.897 


0.62 


180,000 


2.46 


6 


Ex.5 


m 


115.6 


0.893 


0.25 


207,000 


3.73 


7 


Ex.4 


m 


67.9 


0.889 


0.44 


204.000 


^48 


1. 


grams polymer per gram (solid catalyst) • hour - (MPa x 0.1) 





The components for this supported catalyst were A3, B2 and C3 

1 0 Under an argon atmosphere, a toluene solution of d!(Ci4.iB 

aIkyl)methylammonium4.5-dipheriylinrtidazolate bls[tris(pentafluorophenyl)borane], 
36.0 ^mol) was diluted to 2400^1 with toluene and added to 2.00 g of TEA-treated : 
eiUca The mixture was shaken by hand to break-up clumps and then mechantoally 
agitated for 1 5 minutes. Addition of 45 ml of dry hexanes followed by the addition of 

1 5 iaoKJimethylsilane-bis-(n^-2HnethyMi3henylindenyl)zirra (1 ,4-diphenyl-1 .3- 
butadene) (0.01 13 gm, 1 2.0 ^moQ to the TEA-treated silica. The mixture was 
mechanically agitated for 3 hours. The silica was isolated on a medium frit, washed 
2x with 25 ml of hexanes and vdatiles were then removed under reduced pressure to 
give a blue solid. 

20 Example 7 

The components for this supported catalyst were A3, B2 and 04 
Under an argon atmosphere, a toluene solution of dI(Ci4.ia 
alkyl)methylammonlum 4,5-dichk3roimkiazolate bIs[tris(pentafluorophenyl)borane]. 
18.0 ^ol) was diluted to 2400 ^1 witti toluene and added to 2.00 g of TEA-treated 

25 silica. The mixture was shaken by hand to break-up clumps and then mechanically 
agitated for 15 minutes. Addition of 45 ml of dry hexanes followed by the addition of 
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Ex.3 
Ex.4 
Ex.3 
Ex.4 
Ex.3 
Ex.5 
Ex.4 



6000 

m 
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for 1 5 minutes. AddKion of 45 ml of dry hexanes followed by the addition of rao^ 
dimethytsilane-bis-(Ti^-2-methyM-phenyflndenyl)2irconium (1 ,4-diphenyH ,3- 
butadene) (0.0226 gm. 24.0 ^mol) to the TEA-treated silica. The mixture was 
mechanically agitated for 3 hours. The silica was isolated on a medium frit, washed 
5 2x with 25 ml of hexanes and volatiles were then removed under reduced pressure to 
give a light blue solid. 
Example 1 1 

The components for this supported catalyst were A5, B2 and C6 
Under an argon atmosphere, a toluene solution of di(Ci4.i8 

1 0 aIlcyl)m6thylammonium 1 .2,4-triazolate bls[tris(pentafluorophenyl)alumane], 36.0 
\imo\) was diluted to 2200 with toluene and added to 2.00 g of TEA-treated silica. 
The mixture was shaken by hand to breal(-up clumps and then mechanically agitated 
for 15 minutes. Addition of 45 ml of dry hexanes followed by the addition of /ao- 
dimethylsilane-bis-(n®-2-methyl-4-phenylirKJenyI)zirconium{1 ,4-diphenyl-1 ,3- 

1 5 butadene) (0.0226 gm, 24.0 fimol) to the TEA-treated silica. The mixture was 

mechanically agitated for 3 hours. The silica was isolated on a medium frit, washed 
2x with 25 ml of hexanes and volatiles were then removed under reduced pressure to 
give a light t>lue solid. 
Examole 12 

20 The components for this supported catalyst were A4, B2 and C6 

Under an argon atmosphere, a toluene solution of di(Ci4.i8 
alkyl)metfiylammonium 1,2,4^triazolatebts[tris(pentafluorophenyOaiumane], 72.0 
fimol) was diluted to 2300 witii toluene and added to 2.00 g of TEA-treated silica. 
The mixture was shaken by hand to break-up clumps and then mechankalty agitated 

25 tor 15 minutes.' Adcfition of 45 ml of dry hexanes followed by the addition of /ao 
dimethylsilane-biSH(n^-2-metiiyM-pheny{indenyl)zirconium(1 ,4-diphenyl-1 fi- 
butadene) (0.0226 gm. 24.0 \»mo\) to the TEA-treated silica. The mixture was 
mechanically agitated for 3 hours. The silica was isolated on a medium frit, washed 
2x with 25 ml of hexanes and volatiles were then removed under reduced pressure to 

30 give a light blue solid. 
Example 13 

The components for this supported catalyst were AS, B2 and C6 
Under an argon atmosphere, a toluene solution of di(Ci4.i8 alkyl)methyl- 
ammonium 1.2.4-triazolate bis[tris(pentafluorophenyl)alumane], 72.0 \tsno\) was 
35 diluted to 2300 p\ with toluene and added to 2.00 g of TEA-treated silica. The mixture 
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Examnlfi 14 

TT»componontsforthls8upportadcaialy«w^ 
"'^«'^«W''atmosphere.atoluenesoluto,ofdi(C,,.« 

The components forlhls supported catalyst were A5. B2 and C2 
J;*''^«"«^o"«mosphere.atoluenesolwlonof«c^imethylsflane-bls-f„« 

TT.e«lataes«««,henrenx««dunderreducedpre^^^^ To this was added a 2 3 
mltoluenesolu«onofdi(C^,,alkyl)rne.hylamnMnlumlmldazo.a,e 
b.spns(pentafluon,p,,eny0alumanel. 36.0 m^k,!). The mixtu-e was shaKen by hand to 

^-^■"P'^-P^and.henn.echan.c^Hyagt^edforlSminutes.^ 

then removed under reduced pressure to give a bhie^reensolW 

Examplfl ifi 

The components for this supported catalyst were A8. B2 and C6 
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Under an argon atmosphere, a toluene solution of rao<fimethy{silane-bis-(T)^- 
2HnemyM-phenylindenyQzira)nium(1,4<fiphenyl-1,^^ (0.0113 gm in 2.3 ml 
toluene, 1 2.0 rrniol) was added to ^00 g of TEA-treated siRca. The mixture was 
shaken by hand to breai(-up clumps and then mechanically agitated for 1 5 minutes. 
5 The volatiles were then removed under reduced pressure. To tNs was added a 2.3 
mi toluene solution of di(Ci4.i8 a!kyl)methylammonium triazolate 
bisltris(pentafluorophenyl]alumane]. 36.0 ^ol). The mixture was shalcen by hand to 
break-up clumps and then mechanically agitated for 15 minutes. Addition of 45 ml of 
dry hexanes to the mixture followed by mechanically agitating for 1 hour. The silica 
10 was isolated on a medium frit, washed 2x with 25 ml of hexanes and volatiles were 
then removed under reduced pressure to give a blue-green solid. 
Example 17 

The components for this supported catalyst were A8, B2 and C6 
Under an argon atmosphere, a toluene solution of di(Ci4.i8 

1 5 alkyl)methylammonium triazolate bis[tris(pentafluorophenyl)alumane], 36.0 nmol) was 
diluted to 760 with toluene and added to a solutwn of /ao<limethylsilane-bis-(Ti^-2- 
methyl-4-phenylindenyl)2irconium{1,4<liphenyl-1,3-butadene) (0.0113 gm in1.5 ml 
toluene. 1Z0 ixmol) which was stined for 15 minutes. The 236 mi of premix solution 
was added to 2.00 g of TEA-treated silica. The mixture was shaken by hand to break- 

20 up clumps and then mechanically agitated for 1 5 minutes, color of solid blue-green. 
Addition of 45 ml of dry hexanes and mechanically agitated for 1 .5 hours. The silica 
was Isolated on a medium frit, washed 2x with 25 ml of hexanes and volatiles were 
then removed under reduced pressure to give a blue-green solid. 
Polypropylene Polymerizations 

25 Propylene polymerizations were performed in a 1 .8-liter, jacketed, reactor that 

was charged with 625 g of mixed alkanes soh^ent and 500 g propylene. Hydrogen. 
(A200 kPa) was added by differential pressure expansion from a 75 mL addition tank. 
The reactor was heated to 25 ""C and allowed to equilibrate. The desired amount of 
supported catalyst (0.05g) was mixed with hexane and charged to the polymerization 

30 reactor through a stainless steel transfer line using nitrogen. The polymerization 

conditions were maintained for 10 minutes and then the temperature was increased to 
60 ""C for 20 minutes. Heat was continuously removed from the reaction through a 
cooling coil in the jacket. The resulting reaction mixture was removed from the 
reactor, quenched with isopropyl alcohol, and stabilized by additbn of a hindered 

35 phenol antioxidant (Irganox^ 1010 from Ciba Geigy Corporation), the soh^ent was 
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CLAIMS: 



10 



15 



20 



25 



1 . A supported catalyst composition for use in an addition polymerization 
comprising: 

A) an inert support; 

B) a Group 3-1 0 or Lanthanide metal complex; and 

C) an activator compound capable of causing the metal complex B) to fonn 
an active polymerization catalyst, said compound corresponding to the formula: 
(A*+a)j,(rj*j)-c<,,(|) 

wherein: 

A* is a cation of chaige 

2r is an anion group of from 1 to 50 atoms, not counting hydrogen atoms, 
further containing two or more Lewis base sites; 

«r independently each occurrence is a Lewis acid coordinated to at least one 
Lewis base site of Z*, and optionally two or more such J* groups may be joined 
together in a moiety having multiple Lewis acidic functionality, 

J is a number from 2 to 12 and 

a, b, c, and d are integers from 1 to 3, with the proviso that a x b is equal to c x 

d: 

2. A composition according to claim 1 wherein A*+& is an ammonium, 

sulfonium. phosphonium. oxonium. carbonium, silylium, ferrocenium, Ag***, or Pb'^^ 
cation. 

3. A composition according to claim 1 wherein Z* is a cyanide, azide, 
amide and substituted amide, amtdinide and substituted amidintde, dicyanamide. 
imidazolide, substituted imidazolide, imidazoIinkJe, substituted Imidazolinide, 
benzimidazofide, substituted tienzimidazoiide, tricyanomethide, tetracycanotrarate. 
puride, squarate, 1 ,2,3-triazolide, substituted 1 ,2,3-triazolide, 1 ,2,4'triazoltde, 
substituted 1 ,2,4-triazolide, 4,5-benzi-1,2,3-triazolide, substituted 4,5-benzi-1 ,2,3- 
triazolide, pyrimidinide, substituted pyrimidinide, tetraimidazoylborate and substituted 
tetraimidazoylborate anions, wherein each substituent, if present, is a halo, 
hydrocarbyl, halohydrocarbyl, silyl, (including mono-, di- and tri(hydrocarbyl)silyl), 
silylhydrocarbyl, or halocarbyl group of up to 20 atoms not counting hydrogen, or two 
such substituents together form a saturated or unsaturated ring system. 

4. A composition according to daim 1 wherein J* corresponds to the 
fonnula: 
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Wis aluminum, galfium or boron; 
halide-and " ""'"^ occurrence Is Rl or r2 

R'lnclependemiyeachooci«an««fa, 

•*^«^en.a«uorop.env,,rmXl^^^^ 
alumane)dicyanamide ift„l 7 ? ' *"'«'*'<'««aflucrt,pheny(). 
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tris(tns(pentafluoropheny1)alumanetricyanonnethide, 
tns(tns(pentafiuorophenyOalumane)puride. tetrakis(tris(pentafiuoro- 
phenyl)alumane)tetraimidazoylborate, b]s(tris(heptafluoro-2- 
naphthyl)alumane)cyanide. bis(tris(heptafluoro-2-naphthyOalumane)azide, 
5 bls(tris(hepta-fluoro-2-naphthyl)alumane)dicyanamide, bis(tns(heptafluoro-2* 
naphthyi)a!umane)imidazoiide, bis(tns(heptafluoro-2-naphthy1)aIumane)*2* 
undecyfimidazolide. bis(tris(pentafluoroph6nyQalumane)benzjmidazonde, 
bis(tris(penta-f1uorophenyl}atumane)*2-undecytbenzmiidazoli^ bis(tris*(heptafluoro- 
2'naphthyI)alumane)-5.6-dimethylber!ziinidazoRde, bis(tris(heptaf1uoro-2- 

1 0 naphmyl)alumane)-4,54)is(heptadecyi)imidazolide, tris(tnsheptafluoro>2-naphthy I)- 
alumanetricyanomethide, tris(tris(h^afluon>-2-naphthyOalurnane}puride« 
tetral^(tris(heptafluoro-2-naphthyOaIumane)tetraimidazoylbor^ 
bis(tris(pentafluorophenyl)alumane)-1 ,2,3-triazoltde, 
bis(tris(pentafiuorophenyl)alumane)-1 ^,4-triazolide, 

1 5 bis(tris(pentafluorophenyl)alumane)-4,5-diphenyl-1 .2,3-trlazolide, 
bis(tris(pentafluorophenyl)alumane)-1.2,3-benzatriazolide, 
bis(tris(pentafluorophenyl)alumane)-5-methyt-1,2,4-triazolide. 
bis(tris(pentafluorophenyl)alumane)-5-undecyl-1 ,2,4-triazoiide. 

20 bis(tris(pentafIuorophenyl)borane)cyanide, bIs(tris(pentafluorophenyl)borane)azide. 

bis(ti1s(pentafluorophenyqborane)dicyananriide, 

bis(tris(pentafluorophenyOborane]imidazolide.bis(tris(pe^^^ 

undecylimidazolide, bis(tris(pentanuorophenyl)boraneH,5-dichloroimidazonde. 

bis(tris(penta-fluorophenyl)borane)*2Hindecy]-4.5-dichloroimidazolide, 
25 bis(tris(pentafluorophenyOborane)4,5-diphenyfimidazonde,bis(tris(perna- 

fluorophenyi)borane)-2-undecyM,5-diphenylimidazolide, 

bis(tri8(pentafluorophenyl)b(xane)imidazoiinide. bis(tns(pemafUjorDphenyl)borane)-2- 
undecylimidazolinide. bis(tris(pentaf1uorophenyl)borane)-5,6Hdimethyibenzimtdazolide. 
bis(tris(pentafluorophenyf)borane)-4,543ls(heptadecyI)imidazolide, 

30 tris(tris(pentafluorophenyl)borane tricyanomethide. 

tris(tris(pentafluorophenyl)borane)puride. tetrakis(tris(pentafluoro- 
phenyl)borane)tetraimida2oylborate, bis(tris(heptafluoro-2-naphthyl)borane)cyanide, 
bis(tris(heptafIuoro-2-naphthyl)borane)azide, bis(tris(hepta-fluoro-2- 
naphthyl)borane}dicyanamide, bis(tris(heptafluoro-2>naphthyi)borane)imidazolide. 

35 bis(tris(heptafluoro-2-naphthyl)borane)'2-urKlecylinrudazotide, 

bis(tiis(pentafluorophenyl)boran6)benzimidazotid6, bis(tris(penta- 
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1 2. The process of daim 1 1 wherein the polymer product formed has a 
bulk density greater than 0.3 g/ml. 

1 3. The process of daim 1 2 wherein propylene is polymerized to fomi 
polypropylene. 

14. The process of daim 13, wherein component B) is /ac-dimethylsilane 
bis(Ti*-2-melhyl-4-phenylinden-1 -yl)zirconlum (II) 1 .4-dlphenyM .3-butadlene. 
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